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What’s in a name? Aschersonia insperata: a new pleoanamorphic fungus with
characteristics of Aschersonia and Hirsutella
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Abstract: A new anamorphic species from a Philip-
pine tropical forest occurs as reddish-orange to or-
ange, tuberculate stromata on unidentified homop-
teran larvae, and produces both Aschersonia and Hir-
sutella-like synanamorphs. A molecular phylogenetic
analysis was conducted to determine the most appro-
priate generic placement for this fungus. Based on
its phylogenetic relationships, a comparison of the
complexity and persistence of each anamorph, and
the speculated relevance of each synanamorph to sur-
vival, we describe the new fungus as Aschersonia in-
sperata sp. nov.
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INTRODUCTION

An entomopathogenic fungus from tropical forest on
Mount Makiling, Philippines, was found to produce
an Aschersonia-like stroma as well as superficial Hir-
sutella-like conidiogenous cells. The fungus could not
be accommodated in any described species of Ascher-
sonia Mont. or Hirsutella Pat.; such pleomorphism
has not been observed previously in either genus.

Both Aschersonia and Hirsutella are anamorphic
genera associated with the ascomycetous family Clav-
icipitaceae. Aschersonia species have been linked ex-
clusively to teleomorphs in the genus Hypocrella,
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while teleomorphs of Hirsutella species belong to Cor-
dyceps (Fr.) Link, Cordycepioideus Stifler and Torru-
biella Boudier. Most known species of Aschersonia and
Hirsutella are pathogens of arthropods. In describing
the Philippine fungus as a new species, we considered
morphological and molecular criteria for including
it in Aschersonia and/or Hirsutella.

Our aim was to document this new taxon. We
sought to prove that the two observed anamorph
forms represented the same genetic individual
through single conidium isolation. To provide a
name reflecting evolutionary relationships, we per-
formed a molecular phylogenetic study of morpho-
logically similar species of Aschersonia and Hirsutella.

MATERIALS AND METHODS

Isolation.—A foray to Mount Makiling, Philippines, in Dec
1986 by one of the authors (MCR) yielded a specimen with
a stroma of an apparent Aschersonia species but which also
was observed to bear Hirsutella-like conidiogenous cells on
the stromatic surface. Microscopic examination of the spec-
imen indicated that no pycnidium-like conidiomata typical
of Aschersonia were present on the stroma. Thirty fragments
of the stroma were placed on SDAY (10 g peptone, 40 g
dextrose, 2 g yeast extract, 15 g agar, 1 L distilled water)
and YpSs agar (Difco, Becton Dickinson Microbiology Sys-
tems, Maryland) and eventually yielded a single slow-grow-
ing colony. Subcultures were made on PDA (Difco). The
fungus grew more rapidly on transfer to fresh medium, pro-
duced Hirsutella-like conidiogenous cells and conidia at
first, then Aschersonia-like fruiting structures and conidia.
A dried culture was prepared for deposition in the Cornell
Plant Pathology Herbarium (CUP) using the method of Pol-
lack (1967).

Single conidial isolation.—To demonstrate that both ana-
morphic forms arose from a single genetic individual, we
performed single conidial isolations. In old cultures (more
than 2 mo), viscid yellow conidial masses appear over the
conidiomata. One of these masses was diluted in 1 mL ster-
ile water containing 0.1% Tween 20, and the spore suspen-
sion was diluted in a series of 103, 1003 and 10003 and
spread with a glass rod on CMA plates (Difco). Plates bear-
ing well dispersed single conidia under microscopic exam-
ination were incubated at 20 C. After 14 d, tiny single-spore
colonies were visible, about needle-tip size. Fourteen colo-
nies were transferred to separate PDA plates. The cultures
were examined at different stages for production of either
of the two anamorphs.
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TABLE I. Fungal isolates included in the molecular phylogenetic analysis. GenBank accession numbers followed by an asterisk
indicate sequences generated during this study

Taxon Voucher GenBank Geographic origin

Aschersonia aleyrodis
A. andropogonis
A. basicystis
A. goldiana sensu Tzean
A. incrassata

ARSEFa992
ARSEF 5215
CUPb67355
CUP 67296
CUP 67288

AY518368*
AY518369*
AY518373*
AY518371*
AY518370*

Japan
Puerto Rico, USA
Costa Rica
Costa Rica
Costa Rica

A. insperata
A. placenta
Hypocrella discoidea
Hypocrella phyllogena
Hirsutella citriformis

ARSEF 2396

CUP 67340
ARSEF 532

AY518374*
AF169319
AF327387
AY518372*
AY518376*

Philippines
South India

Costa Rica
Indonesia

H. illustris
H. kirchneri
H. necatrix
H. nodulosa
H. strigosa

ARSEF 5539
ARSEF 5551
ARSEF 5549
ARSEF 5473
ARSEF 2197

AY518380*
AY518382*
AY518381*
AY518379*
AY518377*

South Africa
United Kingdom
United Kingdom
Michigan, USA
Philippines

H. subulata
H. tompsonii
Hypocrea pallida

ARSEF 2227
ARSEF 3323

AY518378*
AY518375*
U00740

Poland
Costa Rica

a ARS Collections of Entomopathogenic Fungi (Herbarium and Culture Collection), USDA-ARS Plant Protection Research
Unit, US Plant, Soil, and Nutrition Laboratory, Tower Road, Ithaca, New York 14853, USA.

b Cornell University Plant Pathology Herbarium.

Morphological study.—The specimen and cultures were ex-
amined using optical and scanning electron microscopes.
Digital photomicrographs were taken using a SPOT RT
camera (Diagnostic Instruments). Sections were made using
a freezing microtome and mounted in lactic acid-cotton
blue.

DNA extraction, PCR and sequencing.—Fungal cultures (TA-
BLE I) were cultured on sterile cellophane sheets on PDA.
The fungal material was frozen in liquid nitrogen (Hirsu-
tella isolates were not subjected to the freezing step),
ground and subjected to a miniprep protocol based on that
of Lee et al (1988) and Fang et al (1992). Nuclear ribosom-
al large subunit rDNA (LSU) was amplified using primers
LR0R and LR5 (Vilgalys and Hester 1990). The PCR reac-
tion mixture contained 200 mM each dNTP, 13 Mg-free
buffer, 2.5 mM MgCl2, 0.5 mM each primer and 0.03 Unit/
mL Taq polymerase (Promega). PCR conditions were initi-
ated with a 95 C denature for 2 min, followed by 19 cycles
of denaturing at 94 C for 1 min, annealing at 55 C for 30
s, and extension at 72 C for 1 min, then 14 cycles of 94 C
for 30 s, 60 C for 30 s, and 72 C for 1 min increasing 5 s
per cycle, plus a final extension at 72 C for 5 min. PCR
products were purified using the QIAquick PCR purifica-
tion Kit (Qiagen GmbH, Hilden, Germany) and sequenced
in both directions at the Biotechnology Resource Center at
Cornell University.

Phylogenetic analysis.—In addition to the novel species, we
included eight representative Aschersonia species and eight
Hirsutella species in the phylogenetic analysis (TABLE I).
The sequences were aligned using Clustal W (Higgins et al
1994, http://www.ebi.ac.uk/clustalw/), checked and adjust-

ed in PAUP* 4.0b10 (Swofford 1998). Parsimony analyses
were conducted using a heuristic search with TBR branch-
swapping and 100 replicates of random sequence addition.
Gaps were treated as missing data. Seventy-six characters
were parsimony informative among the 884 characters in
the aligned data matrix. All characters were equally weight-
ed. Bootstrapping analysis was based on 1000 replicates.
Constraint analyses were conducted by requiring the known
species of Hirsutella and Aschersonia, respectively, to be
monophyletic, while forcing the novel species into one
clade or the other. The tree was rooted with outgroup Hy-
pocrea pallida Ellis & Everh. (Hypocreales, Hypocreaceae).

RESULTS

Single conidial isolation.—Fourteen single conidium
isolates were derived from fusoid conidia typical of
Aschersonia. Microscopic examination of the isolates
showed that they all produced the Hirsutella form
(FIG. 10) at an early stage of growth and later pro-
duced the Aschersonia form. One of the single conid-
ial isolates was deposited in ARSEF (ARS Collections
of Entomopathogenic Fungi) as ARSEF 6912.

Phylogenetic analysis.—Parsimony analysis of LSU se-
quences resulted in four most parsimonious trees of
298 steps (CI 5 0.671, RI 5 0.602). The strict con-
sensus tree (FIG. 1) shows that known isolates of As-
chersonia and Hirsutella each form a monophyletic
group and the new Philippine fungus belongs in the
Aschersonia clade. The bootstrap values are 59% for
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FIG. 1. Strict consensus of four most parsimonious trees
based on nuc-LSU rDNA sequences. Bootstrap values great-
er than 50% are indicated above the branches. Seventy-six
informative characters were included in the analysis.
Length 5 298, CI 5 0.671, RI 5 0.602.

the clade including known Aschersonia species and
68% for the clade including known Hirsutella species.
In the constraint analysis, forcing the new species
into the Hirsutella monophyly resulted in a most par-
simonious tree that was two steps longer, whereas no
extra steps are required to place the new species in
the Aschersonia clade.

TAXONOMY

Aschersonia insperata Rombach, Liu, Humber et
Hodge, sp. nov. FIGS. 2–10
5 Hirsutella inasperata Humber & Rombach, nom. nud.

in Humber, R.A. 1992. Collection of Entomopathogenic
Fungal Cultures: Catalog of Strains, 1992. p 47, U.S.
Dept. of Agriculture, Agricultural Research Service
ARS-110.

Stromata in culturis compactae flavidis vel aurantiacis, su-
perficiebus rugosis tuberculatisve. Corpora hyphalis late el-
lipsoideis cylindricisve, aurantiis. Conidiomata stato Ascher-
soniae tuberculis obpyriformis irregularis, omnibus 1–2 or-
ificiis, per massas mucilaginas luteas lutescentia obtectas;
conidiophorae simplicia et cellulae conidiogenae apicale
angustatae, 10–12.5 3 1–1.5 mm, in hymenia densis cavitatis
in stroma immersis; paraphysibus carentibus; conidiis fusi-
formibus obclavatis hyalinis, 5–8 3 1–2 mm, in massis mu-
cosis lectis. Phialides stato Hirsutellae in coloniis juvenibus

praesentibus, basibus late ellipsoideis cylindricis, 4–6 3 2.5–
3 mm, collis angustis extensis simplicibus, 5–8 mm longis,
polyphialidibus interdum praesentibus; conidia stato Hir-
sutellae ellipsoidea pyriformia, 1.5–2 3 3.5–4 mm, hyalinae,
in muco tenuiter involutae aut sine muco manifesto.

In culture, stromatic colonies compact, whitish and
minutely tomentose at first, then yellow to orange-
yellow, surface wrinkled and increasingly tuberculate
in old culture, eventually with obpyriform tubercles
erect on the surface. Vegetative growth by the mul-
tiplication of yellowish-orange hyphal bodies, 4–7 3
3–4 mm. Aschersonia-form conidiomata (in vitro) in
pycnidium-like cavities or convolutions in the stroma,
75–140 3 75–100 mm diam, generally distributed in
the stroma, appearing in vitro some time after the
disappearance of the Hirsutella state. In old cultures
(ca 2 mo), the conidiomata contained in obpyriform
tubercles, 310–450 3 150–280 mm (FIGS. 6, 7) with
1–2 orifices covered by conidial masses in mucus.
Conidiogenous cells (phialides) 10–12.5 3 1–1.5 mm,
cylindrical, unbranched, tapering apically to a short
neck up to 0.5 mm long, lining the pycnidium-like
cavities with a dense hymenium (FIG. 8). Conidia fu-
siform to elongated obclavate, or more variable in
shape, 5–8 3 1–2 mm (FIG. 9); paraphyses absent
(FIGS. 7, 8). Hirsutella-form conidiophores usually
present only on the young, whitish colonies, mono-
nematous, attaining a length of 50–100 mm and com-
prising a stalk composed of multiple cylindrical hy-
phal bodies, 5–10 3 3.5–5 mm, or a single elongated
cell, 15–20 3 4–4.5 mm. Phialides arising singly or in
pairs on short, slightly swollen lateral branches on
conidiophore or arising at right angles from hyphal
bodies (FIGS. 4, 5). Base (venter) of the conidiogen-
ous cell inflated, 3.5–5 3 2.5–3.5 mm (FIGS. 4, 5) and
tapering abruptly into a narrow neck, 5–11 3 1–1.5
mm. Conidia ellipsoid to pyriform, 3.5–4 3 1.5–2 mm
(FIG. 10), hyaline, produced singly, often with 1 or 2
large vacuoles, dry or with a thin mucoid coating.

On host, stroma tuberculate, 0.4–0.6 3 0.3–0.4
mm, composed of reddish-orange masses of hyphal
bodies (FIGS. 2, 3). Hyphal bodies broadly ellipsoidal
to cylindrical, 3.5–8 3 2.5–5 mm. Hirsutella-form co-
nidiophores mononematous, single phialides arising
at a right angle from hyphal bodies. Conidiogenous
cells phialidic, thin-walled, smooth, with a broadly el-
lipsoidal to cylindrical venter, 4–6 3 2.5–3 mm, and
slender neck, 5–8 mm long and less than 0.5 mm diam
at the apex; polyphialides with up to 4 necks; phial-
ides scattered or clustered in more dense layers. As-
chersonia-form conidiomata not observed on the
host.

Holotype. CUP 67437, dried culture of ARSEF 2396
(5 MCR 190287–4) on PDA. Isolated from a stroma
on an unidentified homopteran on leaf of Maoutia
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FIGS. 2–10. Aschersonia insperata. 2, 3. Paratype specimen CUP 67438. 4–10. Ex type culture ARSEF 2396. 2. Dorsal view
of stroma. 3. Side view of stroma. 4. SEM of Hirsutella conidiophores. 5. Hyphal bodies and conidiogenous cells of Hirsutella
state. 6. Old colony (ca. 2 mo) on PDA with obpyriform tubercles incorporating Aschersonia conidiomata. 7. Section of
Aschersonia conidioma showing the aparaphysate hymenium. 8. Aschersonia conidiophores. 9. Aschersonia conidia. 10. Hir-
sutella conidia. Bar 5 100 mm in FIGS. 2, 3. Bar 5 10 mm in FIGS. 4, 5, 7, 8, 9, 10. Bar 5 1000 mm in FIG. 6.

setosa Wedd. (Urticaceae), 400 m elevation, NNE
slope of Mount Makiling, Los Baños, Laguna, Phil-
ippines; leg. M.C. Rombach, 19 Feb 1987.

Paratype. CUP 67438 5 MCR 301286–9 on larva
of unidentified homopteran on leaf of Maoutia setosa
Wedd. (Urticaceae), 400 m elevation, NNE slope of
Mount Makiling, Los Baños, Laguna, Philippines; leg.
M.C. Rombach, 30 Dec 1986.

Culture ex type specimen: ARSEF 2396 on larva of

unidentified homopteran on leaf of Maoutia setosa
Wedd. (Urticaceae), 400 m elevation, NNE slope of
Mount Makiling, Los Baños, Laguna, Philippines; leg.
M.C. Rombach, 19 Feb 1987.

Single conidium isolate: ARSEF 6912 (living culture
derived from ARSEF 2396).

Etymology. insperatus [Latin: unhoped-for, unex-
pected] because of the unexpected pairing of the dis-
tinct conidial forms produced by this fungus.
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Aschersonia insperata (described here from cultures
and from the nonsporulating stroma on the host)
matches none of the species described or illustrated
by Petch (1921) or others (e.g., Hywel-Jones and
Evans 1993; Hywel-Jones and Samuels 1998; Liu 2001;
Mains 1959a, b, c; Tzean et al 1997). However, de-
scriptions of most known species are based wholly on
material occurring on insects; several characters in
culture (e.g., the shape of stroma and the number,
distribution, shapes, and openings of the conidioma)
may differ from that formed on the host in a natural
environment. The cultural characteristics of Ascher-
sonia species require further study.

Aschersonia insperata is similar to a common spe-
cies in the East, Hypocrella discoidea Sacc. (anamorph
A. samoensis Henn.) that has orange, minutely tuber-
culate stromata (Hywel-Jones and Evans 1993). How-
ever, H. discoidea has larger stromata 0.5–4 mm diam
(Hywel-Jones and Evans 1993). The slightly project-
ing perithecia give the upper surface of the stroma a
verruculose appearance that differs from the highly
tuberculate appearance of A. insperata; the upper
surface of the anamorph, A. samoensis, is generally
smooth and centrally umbilicate. Furthermore, A. sa-
moensis is paraphysate, has branched conidiophores
and longer conidia (10–15 3 1.5–2 mm) (Petch 1921,
Hywel-Jones and Evans 1993), while A. insperata is
aparaphysate and has simple conidiophores and
shorter conidia (FIG. 8).

The orange coloration and tuberculate morphol-
ogy of A. insperata stromata differ from A. philippi-
nensis Petch, described from whitefly larvae from sev-
eral diverse Philippine sites (Petch 1932). The conid-
ia of A. philippinensis are longer, 9–11 mm, and are
borne on large, white to cream-colored, relatively
smooth to slightly tuberculate stromata up to 7 mm
diam (Petch 1932).

The Hirsutella-like synanamorph of A. insperata re-
sembles a Hirsutella-like synanamorph (Anamorph
A) of Hypocrella schizostachyi P. Henn., described in
culture by Hywel-Jones and Samuels (1998). Hypo-
crella schizostachyi does not appear to produce an As-
chersonia synanamorph, and indeed its large stromata
and other features suggest that this and several other
species with large stromata might not be congeneric
with other Hypocrella species. The Hirsutella-like syn-
anamorphs of some Harposporium Lohde species are
also similar (Glockling and Dick 1994, Hodge et al
1997) in their polyphialidic nature and lack of an
obvious slime droplet surrounding the conidium.
Among true Hirsutella species, the Hirsutella synan-
amorph of A. insperata most resembles a group of
species including H. thompsonii F.E. Fisher that have
short conidiogenous cells with inflated bases and typ-
ically spherical conidia (Hodge 1998). The orange

colonies and short-lived Hirsutella state of A. insper-
ata are not typical of any known Hirsutella species,
and no Hirsutella previously has been reported from
whitefly hosts. The new species cannot be accom-
modated in any described species of Hirsutella.

Neither Aschersonia nor Hirsutella are well studied
genera in terms of their phylogenetic relationships.
Very few species of Aschersonia have been included
in previous phylogenetic analyses (Obornı́k et al
1999, Artjariyasripong et al 2001). Although more ex-
tensive sampling is needed, our preliminary results
suggest that Aschersonia (and Hypocrella) species do
form a monophyletic group. Hirsutella seems a more
heterogeneous group (Seifert and Samuels 2000) al-
though the species included in our analysis do ap-
pear to form a monophyletic group. In our parsi-
mony analysis the bootstrap support for the Ascher-
sonia and Hirsutella clades is only 59% and 68% re-
spectively. Constraint analysis forcing the new species
into the Hirsutella clade results in a single most par-
simonious tree only two steps longer. Therefore we
have only weak support for our conclusion that the
new species belongs in Aschersonia (Hypocrella) phy-
logenetically. Because morphological evidence lends
further support for this placement, we have treated
the fungus as a new species of Aschersonia.

The host insect was degraded and could not be
identified with certainty. When collected, the fungal
stroma was in the midst of a colony of larval white-
flies, and we speculate that a whitefly might have
been the host. Petch (1921) subdivided Aschersonia
into two subgenera correlated with the presence of
paraphyses and the host (scales or whiteflies). Apar-
aphysate species similar to A. insperata typically are
included in Aschersonia subg. Leprieuria, and are pre-
dominantly scale parasites. If the host insect is a
whitefly and not a scale, the lack of paraphyses in A.
insperata is unusual. Although we did not find a sex-
ual stage, we expect its teleomorph is probably a Hy-
pocrella species because no species of Aschersonia has
been found with a teleomorph other than Hypocrella.

DISCUSSION

Other synanamorphs of Aschersonia occasionally have
been described. An ill characterized synanamorph
was reported on the surface of young stromata of
Hypocrella reineckiana Henn. (Parkin 1906, Petch
1921). Petch (1921) described ‘‘a surface layer of
scattered conidiophores and conidia’’ and noted that
‘‘the conidia are smaller than those in normal pyc-
nidia.’’ As in many other clavicipitaceous species, the
part ascospores of Hypocrella sometimes germinate by
producing short, perpendicular conidiogenous necks
that produce small conidia (Hywel-Jones and Evans
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1993). Evans (1994) and Meekes (2001) have report-
ed the germination of Aschersonia conidia in several
species to provide a long, slender conidiogenous
neck with a small apical secondary conidium. Our
report appears to be the first documented evidence
of a hyphomycetous synanamorph of Aschersonia.

Considering the function of the different types of
conidia produced by A. insperata, one possibility is
that each is dispersed in a different way and that, by
having different dispersal and infection strategies,
the fungus increases its fitness in different environ-
mental conditions. Aschersonia spores are produced
in masses of hydrophilic slime and are thought to be
dispersed in water during or after rain (Petch 1921).
The spores of Hirsutella species generally are be-
lieved to be dispersed through contact with a moving
host (Hodge 1998, Rombach and Roberts 1989).
Therefore we speculate that wet environmental con-
ditions might favor the Aschersonia anamorph, while
dry conditions favor the Hirsutella-like anamorph.
We were unable to test the possibility that the Hir-
sutella conidia might serve as spermatia, as has been
shown for some Epichloe Giard species (Bultman et
al 1995). Mating so far has not been demonstrated
in any species of Hypocrella, and we know of no
strains that have been induced to produce sexual
fruiting bodies in artificial culture.

In the Clavicipitaceae several taxonomic systems
have been applied to anamorphic fungi. A botanical-
like system (Hennebert 1991), applying a single
name that to pleoanamorphic genera, has been used
for the genera Haptocillium Gams & Zare (Zare and
Gams 2001), Pochonia Bat. & O.M. Fonseca (Zare et
al 2001) and Rotiferophthora G.L. Barron (Barron
1991) that produce both enteroblastic and dictyoch-
lamydosporic states. An anatomical approach, in
which each anamorph is separately named (Henne-
bert 1991), has been applied to the anamorph pairs
Sorosporella Sorokin and Syngliocladium Petch (Hod-
ge et al 1998), Hirsutella and Desmidiospora Thaxt
(Evans and Samson 1984) and Gibellula Cavara and
Granulomanus de Hoog & Samson (de Hoog 1978,
Samson et al 1989). Last, anatomical cross-reference
names (Carmichael 1979) sometimes have been
used, as in the Hirsutella synanamorphs of some Har-
posporium Lohde species (Hodge et al 1997, Shimazu
and Glockling 1997), the Tetracrium Henn. ana-
morph of Hirsutella pichilinguensis H.C. Evans &
Samson (1986) and the Helicoma Corda anamorph
of Hirsutella petchabunensis Hywel-Jones, Goos &
E.B.G. Jones (1998). As can be seen from the exam-
ples above, no one paradigm for naming synana-
morphs has been uniformly applied to pleoana-
morphic fungi in the Clavicipitaceae.

From a practical perspective, when two anamorph

states typically co-occur, as in Haptocillium and its dic-
tyochlamydosporic synanamorph, it seems appropri-
ate to refer to the pair by a single name. But when
one or the other state is frequently encountered
alone, it might be wise to maintain two distinct
names. Among Gibellula species, for example, a Gran-
ulomanus synanamorph sometimes co-occurs on the
host surface. Humber and Rombach (1987) there-
fore proposed to treat Granulomanus as a synonym
of Gibellula. However in some cases only one or the
other state may be found. Furthermore, when the
concept of Gibellula was emended (Humber and
Rombach 1987) to include the Granulomanus state,
the principles of typification were contradicted in
that the type specimen of Gibellula does not include
structures typical of Granulomanus. The expanded
concept of Gibellula has not been accepted by later
authors (Samson et al 1989, Tzean et al 1997). In-
deed, the information content of this pleoanamorph-
ic (botanical-like) generic concept is diminished in
that users must clarify which state is present whenever
the name is used.

In the new species presented in this paper, the Hir-
sutella state is separated temporally from the Ascher-
sonia state. We therefore considered whether to pro-
vide two separate anatomical names for the fungus
or to provide a single botanical-like name expressive
of evolutionary relationships and use an anatomical
cross-reference name to refer to the second state. Be-
cause we agree with Gams’ (1995) advice that ana-
morph genera should be monophyletic where possi-
ble, we chose the latter approach. Our phylogenetic
analysis supported placement of the new species in
Aschersonia, and the fact that the Aschersonia state
dominates in the life cycle further supports this at-
tribution. The novel species exhibits more Ascherson-
ia characteristics, including stromata, conidiomata,
conidiogenous cells and conidia, while the Hirsutella
conidiogenous cells and conidia are ephemeral. Fur-
thermore the complexity of the Aschersonia fruiting
structures provides more robust evolutionary char-
acters (Gams 1995), while simpler forms are more
likely to reflect convergence and might not reflect
natural relationships. We therefore chose to describe
this novel species as Aschersonia insperata and to refer
to the synanamorph merely as the Hirsutella synana-
morph of A. insperata. There is some potential for
conflict in this rationale that compounds evolution-
ary and morphological data. We expect that progress
toward a classification system based upon monophy-
letic groups will continue to yield taxonomic con-
cepts that are both phylogenetically and morpholog-
ically robust.
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Phorbia flies. Mycologia 87:182–189.

Carmichael JW. 1979. Cross-reference names for pleomor-
phic fungi. In: Kendrick B, ed. The whole fungus. Vol.
1. Ottawa: National Museum of Natural Sciences, Can-
ada. p 31–42.

de Hoog GS. 1978. Notes on some fungicolous hyphomy-
cetes and their relatives. Persoonia 10:33–81.

Evans HC. 1994. Spore germination in the entomopatho-
genic genus Aschersonia. Mycol Res 98:165–168.

, Samson RA. 1984. Cordyceps species and their ana-
morphs pathogenic on ants (Formicidae) in tropical
forest ecosystems II. The Camponotus (Formicinae)
complex. Trans Br Mycol Soc 82:127–150.

, Samson RA. 1986. A new species of Hirsutella with
an unusual synanamorph. Can J Bot 64:2098–2103.

Fang G, Hammar S, Grumet R. 1992. A quick and inexpen-
sive method for removing polysaccharides from plant
genomic DNA. BioTechniques 13:52–56.

Gams W. 1995. How natural should anamorph genera be?
Can J Bot 73(1):S747-S753.

Glockling SL, Dick MW. 1994. A new species of Harpospor-
ium infecting Rhabditis nematodes with microspores.
Mycol Res 98:854–856.

Hennebert GL. 1991. Art. 59 and the problem with pleoan-
amorphic fungi. Mycotaxon 40:479–496.

Higgins D, Thompson J, Gibson T, Thompson JD, Higgins
DG, Gibson TJ. 1994. Clustal W: improving the sensi-
tivity of progressive multiple sequence alignment
through sequence weighting, position-specific gap pen-
alties and weight matrix choice. Nucl Acids Res 22:
4673–4680.

Hodge KT. 1998. Revisionary studies in Hirsutella (Hypho-
mycetes). [Doctoral Dissertation]. Ithaca, New York:
Cornell University. 263 p.

, Humber RA, Wozniak CA. 1998. Cordyceps variabilis
and the genus Syngliocladium. Mycologia 90:743–753.

, Viaene NM, Gams W. 1997. Two Harposporium spe-

cies with Hirsutella synanamorphs. Mycol Res 101:
1377–1382.

Humber RA, Rombach MC. 1987. Torrubiella ratticaudata
sp. nov. (Pyrenomycetes: Clavicipitales) and other fungi
from spiders on the Solomon Islands. Mycologia 79:
375–382.

Hywel-Jones NL, Evans HC. 1993. Taxonomy and ecology
of Hypocrella discoidea and its anamorph, Aschersonia
samoensis. Mycol Res 97:871–876.

, Goos RD, Jones EBG. 1998. Hirsutella petchabunen-
sis sp. nov. from Thailand, with a Helicoma synana-
morph. Mycol Res 102:577–581.

, Samuels GJ. 1998. Three species of Hypocrella with
large stromata pathogenic on scale insects. Mycologia
90:36–46.

Lee SB, Milgroom MG, Taylor JW. 1988. A rapid, high-yield
mini-prep method for isolation of total genomic DNA
from fungi. Fungal Genetics Newsletter 35:23–24.

Liu PG. 2001. Notes on the bambusicolous species of the
genus Hypocrella from Southwestern China. Mycotaxon
78:67–74.

Mains EB. 1959a. North American species of Aschersonia
parasitic on Aleyrodidae. J Insect Pathol 1:43–47.

. 1959b. Species of Aschersonia (Sphaeropsidales).
Lloydia 22:215–221.

. 1959c. Species of Hypocrella. Mycopathol Mycol
Applic 11:311–326.

Meekes ETM. 2001. Entomopathogenic fungi against
whiteflies: tritrophic interactions between Aschersonia
species, Trialeurodes vaporariorum and Bemisia argen-
tifolii, and glasshouse crops [Doctoral Dissertation].
Wageningen, The Netherlands: Wageningen Univer-
sity. 181 p.

Obornı́k M, Stouthamer R, Meekes E, Schilthuittzen M.
1999. Molecular characterization and phylogeny of the
entomopathogenic fungus: Aschersonia spp. Plant Prot
Sci 35:1–9.

Parkin J. 1906. Fungi parasitic upon scale-insects (Coccidae
and Aleurodidae): a general account with special ref-
erence to Ceylon forms. Ann Roy Bot Gard Peradeniya
3:11–82.

Petch T. 1921. Studies in entomogenous fungi. II. The gen-
era of Hypocrella and Aschersonia. Ann Roy Bot Gard
Peradeniya 7:167–278.

. 1932. Some Phillippine entomogenous fungi. Ann
Mycol 30:118–121.

Pollack FG. 1967. A simple method for preparing dried ref-
erence cultures. Mycologia 59:541–544.

Rombach MC, Roberts DW. 1989. Hirsutella species (Deu-
teromycotina; Hyphomycetes) on Philippine insects.
Philipp Ent 7:491–518.

Samson RA, van Reenen-Hoekstra ES, Evans HC. 1989. New
species of Torrubiella (Ascomycotina: Clavicipitales) on
insects from Ghana. Stud Mycol 31:123–132.

Seifert KA, Samuels GJ. 2000. How should we look at ana-
morphs? Stud Mycol 45:5–18.

Shimazu M, Glockling SL. 1997. A new species of Harpos-
porium with two spore types isolated from the larva of
a cerambycid beetle. Mycol Res 101:1371–1376.



253LIU ET AL: PLEOANAMORPHY IN ASCHERSONIA

Swofford DL. 1998. PAUP*. Phylogenetic Analysis Using
Parsimony (*and other methods). Version 4. Sunder-
land, Massachusetts, Sinauer Associates.

Tzean SS, Hsieh LS, Wu WJ. 1997. Atlas of entomopatho-
genic fungi from Taiwan. Taiwan: Council of Agricul-
ture, Executive Yuan. 214 p.

Vilgalys R, Hester M. 1990. Rapid genetic identification and
mapping of enzymatically amplified ribosomal DNA

from several Cryptococcus species. J Bacteriol 172:4238–
4246.

Zare R, Gams W. 2001. A revision of Verticillium section
Prostrata. VI. The genus Haptocillium. Nova Hedwigia
73:271–292.

, Gams W, Evans HC. 2001. A revision of Verticillium
sect. Prostrata V. The genus Pochonia, with notes on
Rotiferophthora. Nova Hedwigia 73:51–86.


